equalised using soy protein concentrate, canola oil, full fat soya and meat meal. The 121 diets were isoenergetic (15 MJ/kg), and were formulated to contain the same ileal 122 standardised digestible lysine content (Sauvant 2003, 0.85 Table 1 . All diets contained 2 g/kg titanium dioxide as a digestibility 125 marker (Short et al., 1996) to estimate the total tract apparent digestibility (TTAD) of 126 dry matter (DM). Nutrient composition of dehulled lupins was not chemically 127 determined but used tabulated value (Table 2 ) reported in the previous publication 128
( Kim et al., 2007) , as chemical composition of lupin kernels are not variable. 129 130
Experimental procedure and measurements 131
Pigs were fed their respective diets as a mash form and on an ad libitum basis 132 for 3 weeks. Fresh water was available throughout the experiment. Pigs were weighed 133 weekly and feed intake was measured on a daily basis. Pigs having diarrhoea (score 4; 134 see below) were treated with Trisoprim-480 (trimethropin 80 mg/ml, sulfadiazine, 400 135 mg/ml, 0.05 ml/kg body weight, Troy Laboratories, Smithfield, NSW, Australia) until 136 considered healthy and the number of antibiotic treatments was recorded. The 137 antibiotic treatment was initiated when the faecal score exceeds 4 and ceased at 3 (Kim 138 et al., 2008b) . 139
140
Faecal consistency and incidence of diarrhoea of individual pigs were visually 141 assessed daily for the first 2 weeks. Faecal consistency was determined using the 142 following scoring criteria: 1 = well-formed faeces, firm to cut; 2 = formed faeces, soft 143 to cut; 3 = faeces falling out of shape upon contact with surfaces, sloppy; 4 = pasty andliquid diarrhoea. Data for faecal consistency were then expressed as the mean faecal 145 consistency value of pigs within a diet having the score 1 (25 %), score 2 (50 %), score 146 3 (75 %), and score 4 (100 %). A faecal consistency score of 4 represented pigs with 147 diarrhoea, and the incidence of PWD was express as the mean proportion of days pigs 148 had faecal score 4 with respect to days (14 d) (after Mateos et al. 2006) . 149 150 Faecal swabs from individual pigs were taken on days 0, 3, 5, 7 and 9 to 151 examine the degree of β-haemolytic E. coli proliferation (Kim et al., 2008b were collected from anterior vena cava into lithium heparin coated vacutainer. The 168 blood samples were immediately placed on ice and then centrifuged at 2,000  g for 169 10 minutes at 5°C. Plasma was stored at -20°C until analyzed for plasma urea nitrogen 170 (PUN). 171 172
Chemical analyses 173
The PUN level was determined using an enzymatic (urease) kinetic method 174 (Randox, Crumlin, Co. Antrim, UK). Dry matter was measured using the AOAC 175 official method 930.15 (AOAC 1997) . Titanium dioxide (TiO 2 ) was measured 176 spectrophotometrically at 410 nm after acid hydrolysis (7·4 M-H 2 SO 4 ; Short et al., 177 1996) . The nitrogen (N) content was determined using combustion method 990.03 178 (AOAC 1997) . Crude protein content was calculated as N content × 6.25. Crude fat 179 content was determined using AOAC official method 2003 .06 (AOAC, 1997 . The 180 neutral detergent fibre (NDF), acid detergent fibre (ADF) and lignin were determined 181 using the AOAC official method 925.10 (AOAC, 1997). Gross energy content was 182 determined using a ballistic bomb calorimeter (SANYO Gallenkamp, Loughborough, 183 UK). Total phosphorus (P) was determined using inductively-coupled atomic emission 184 spectroscopy as described by McQuaker et al. (1979) . Phytate-P content was 185 determined spectrophotometrically using the principle that phytate forms stable 186 complexes with ferric ions in dilute acid solution (Xu et al., 1992) . The insoluble and 187 soluble NSP content of the lupin samples was determined as alditol acetates by gas-188 liquid chromatography (GLC) using the method of Theander and Westerlund (1993) . 
Statistics 209
There were no replication effects and data were pooled for subsequent 210 statistical analyses. The individual pig was considered as the experimental unit for all 211 measurements (n=20) except performance indices, faecal DM content and faecal DM 212 digestibility, in which a pen was the experimental unit (n=10). The treatment effects 213
were assessed by one-way analysis of variance (ANOVA) and faecal score was 214 analysed using repeated measure ANOVA as it was recorded daily for 14 days. When 215 significant diet effect was found in the ANOVA test, then the variables were tested for 216
Fisher's-protected least significant difference analysis to separate means where 217 significant main effect occurred under the ANOVA analysis. Pigs were blocked based 218 on weaning weight and the block was used as a random factor in the model for all 219 measured experimental variables. Initial BW was used as a covariate for growth data 220 analyses. Where significant treatment effect was evident, then the data were subjected 221 to a simple linear regression analysis to establish linear relationship between dietary 222 concentration of whole or dehulled lupins and TTAD DM. Statistically significant 223 difference between treatments was accepted at P<0.05. The statistical analyses were 224 conducted using the statistical package Genstat 10.0 for Windows (VSN International 225
Ltd., Hemel Hempstead, UK). 226 227 228
Results 229

Post-weaning performance 230
Pigs fed diets containing whole lupins up to 240 g/kg and dehulled lupins up to 231 180 g/kg ate comparable amounts of feed and had similar feed conversion ratio (FCR) 232 and daily gains compared to pigs fed the milk-powder-based control diet. Although 233 FCR was comparable, pigs receiving 240 g/kg of dehulled lupins grew slower (P<0.05) 234 than pigs fed the other diets, predominantly due to decreased feed intake (Table 3) . 235 236
Indices of GIT function 237
Faecal consistency, the number of antibiotic treatments, and the incidence of 238 PWD were generally low and unaffected by up to 240 g/kg inclusion of whole or 239 dehulled lupins in the diet (Table 4) 
Discussion 254
It was hypothesised that feed intake, daily gain and FCR of weaner pigs would 255 be significantly reduced when both whole and dehulled lupins above the current 256 recommended level of 150 g/kg were included. This expectation was based on the 257 previous findings that (1) lupins contain greater levels of NSP in hulls and kernels, 258 which may alter the physiological properties of digesta and influence digestibility 259 (Gdala et al., 1997; Kim et al., 2007) ; (2) (4) 263 inclusion of slowly-digestible insoluble NSP in a weaner pig diet limits the physical 264 capacity of the GIT and hence limits voluntary feed intake (Kyriazakis and Emmans, 265 1995) . 266
In the present study, weaner pigs responded differently to insoluble NSP (hulls) 267 and partly soluble NSP (kernels) of the lupin variety fed. Lupin hulls contain 880 g/kg 268 NSP with 500 g/kg being cellulose, whereas lupin kernels contain 300 g/kg NSP with 269 more than 200g/kg being galacturonic acids (Evans et al., 1993) . Pigs fed 240 g/kg 270 dehulled lupins ate less feed and hence grew slower than other pigs, although their 271 short-term growth retardation disappeared in the growing-finishing phases of growth, 272 whereas pigs fed 240 g/kg whole lupins showed comparable intake and daily gain to 273 the pigs fed the milk powder-based control diet. As FCR was not affected by any of 274 the experimental diets, reduced daily again in pigs fed 240g/kg dehulled lupins was 275 caused by decreased feed intake. Inclusion of lupin kernels, containing approximately 276 300 g fermentable NSP, can decrease the net energy value of the diet (Taverner et al., 277 1983; Kim et al., 2007) . However, decreased feed intake but not FCR indicates that 278 dietary energy was not a limiting factor in the 240 g/kg dehulled lupin diet (Ferguson 279 et al., 2003) . Rather, the results suggest that ASL in either form (i.e., dehulled or 280 whole) does not influence nutrient utilisation efficiency but excess inclusion of 281 fermentable lupin kernel fibre limits the physical capacity of the GIT and hence 282 reduces feed intake. This is most likely due to the greater amount of structural cell wall 283 component of lupin kernel endosperms (Vincken et al., 2003) . These structural 284 polysaccharides may have altered the physico-chemical properties of the digesta (i.e., 285 increased viscosity and fermentation by-products) in the GIT and limited feed intake, 286 possibly by increasing gastric distension and increasing digesta transition time once 287 the inclusion levels of the dehulled lupin exceeded 180 g/kg (Kyriazakis and Emmans, 288 1995; Choct et al., 1996; Choct and Kocher, 2000; Dunshea et al., 2001 ). On the other 289 hand, these findings also indicate that supplementation of lupin hulls, which is mostly 290 insoluble NSP, can remove the deleterious effect of lupin kernel endosperm 291 polysaccharides, although the mechanism behind this was not explored herein. 292
Nevertheless and based on these findings, it is clear that inclusion of dehulled lupins in 293 the diet for young pigs should be limited to current recommended inclusion level of 294 150 g/kg, while inclusion of whole lupins can be increased up to 240 g/kg. 295
Although NDF content of the diets were not analysed and used calculated 296 values from previous publications, it is worth to discuss possible impact of dietary 297 NDF due to increasing lupin concentration on the TTAD of DM. A linear reduction in 298 TTAD of DM was expected with the increased amounts of both whole and dehulled 299 lupins in the diet, as dietary NDF increases with increasing inclusion of dehulled and 300 whole lupins. However and as Figure 3 shows, only whole lupin concentration linearly 301 decreased the TTAD of DM whereas increasing dehulled lupin concentration 302 decreased TTAD DM in a non-linear manner. This finding indicates that a significant 303 proportion of lupin kernel fibre was fermented in the large intestine while fermentation 304 of lupin hull fibre was minimal, as previously reported (Taverner et al., 1983; Kim et 305 al., 2009b) . Therefore, the significantly decreased TTAD of DM in ASL-supplemented 306 diets can be attributed to the dilution effect of insoluble fibre but not to the fermentable 307 lupin kernel endosperm structural fibre, as found in the relationship between fibre 308 content and the TTAD of DM (Figure 3 
